A numerical classification of the yeast genus Schizosaccharomyces was undertaken using 60 strains and 100 characters. Three distinct clusters were observed, corresponding to S. pombe (SsM = 83%), both varieties of S. japonicus (SsM = 78%), and S. octosporus (SsM = 75%).
INTRODUCTION
The yeast genus Schizosaccharomyces was first described by Lindner from samples of Bantu beer (Slooff, 1970) . All members of the genus undergo binary fission during vegetative reproduction, a characteristic unique among ascosporogenous yeasts (Lodder, 1970;  Barnett et al., 1979) . The history of the genus is well described by Slooff (1970) who listed four species including two varieties : S. japonicus var. japonicus, S. japonicus var. versatilis, S. malideuorans, S. octosporus and S . pombe, the last being the type species. Subsequently, a fifth species, S. slooffiae, was described by Kumbhojkar (1972); however, more recently, S. malidevorans was re-proposed as a variety of S. pombe on the basis of interfertility (Sipiczki et al., 1982) .
During the last three decades, the major influence in yeast classification has been The Yeastsa Taxonomic Study (Lodder & Kreger-van Rij, 1952; Lodder, 1970) . In contrast to the hierarchical approach employed in the foregoing work, the assessment of overall similarity on Urease activity was ascertained after 5 don slopes of EMM2A agar containing 2% (w/v) filter-sterilized urea as the sole nitrogen source and 0.12% (w/v) phenol red. A reddening of the medium was scored as positive.
Metabolic end products. Production of acetoin after 10 d in PYGM was tested using method 1 described by Cowan (1 974).
Hydrogen sulphide production was ascertained after 10 d in PYGM containing sodium thiosulphate (0405 g 1-). Blackening of a lead acetate impregnated paper (Cowan, 1974) fixed above the medium was scored as positive.
Reduction of tellurite. Blackening of growth after 10 d on EMM2A agar containing potassium tellurite (0.032 g 1-I ) was scored as positive.
Nwnericalrnethods. Reproducibility was estimated within this study by two methods. Firstly, duplicate cultures of five strains (MY I, MY 12, MY23, MY 3 1 and MY48) were maintained and tested independently, the duplicate cultures being indicated in the phenogram (Fig. 1) by the suffix A. Secondly, ten tests (nos 24,25,37,57,58,62,70, 73,75 and 76) were duplicated for all strains. Test error was estimated using formula 1 of Sneath &Johnson (1972) . Vigour values were calculated as the proportion of positive results for each strain.
A data matrix was constructed for the 60 strains and 5 duplicate cultures. Characters that gave either all positive or all negative results were deleted from the computations. The final data matrix contained information from 80 unit characters.
A computer program based upon methods of M. J. Sackin and associates (Leicester University) was used to construct similarity matrices using both the simple matching coefficient (&) and the pattern difference ( D p ) . Phenograms were constructed using average linkage (UPGMA) methods as given by Sneath & Sokal (1973) . Cophenetic discrepancies, that is the lack of correlation between respective similarity values in a matrix and its corresponding phenogram, were assessed using the correlation coefficient (r ; see Sneath, 1978) . The inter-centroid taxonomic distance between two clusters J and K (d,K) and the mean taxonomic distance of strains of a cluster to their own centroid (a,) were calculated using formulae given by Sneath & Sokal(l973) and Bridge & Sneath (1983) .
The computer program OVCLUST (Sneath, 1979) was used to calculate the overlap statistics for each pair of clusters in Euclidean space. An index of overlap ( VG), which is based upon the number of strains in each of the two clusters, the intercentroid distance and the distances of strains to the centroids, was calculated and compared to a critical level of overlap (V,) by a noncentral 1-test. A value of 1 % was used as the critical level of overlap when comparing each pair of clusters. Since the program OVCLUST allows for a correction to be made for sampling error based on the number of tests, computations were made both with and without this correction. of the substances listed in Table 3 (nos 28-66 inclusive) at the stated concentrations.
A Digital Equipment Corporation VAX 11 computer was used for all data processing. 
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RESULTS A N D DISCUSSION
Cluster analysis
Both the SSM and the D, produced three major clusters, the composition and structure of which were essentially the same with each coefficient. The phenogram derived using the S , , is shown in Fig. 1 , the parameters of the three resulting clusters are listed in Table 2 and the characteristics of each cluster are listed in Table 3 . A list of the most differential tests for the clusters observed is given in Table 4 .
Although differences in vigour may cause more distortion of the clustering obtained with S , , than with Dp (Sneath, 1968; Sneath & Sokal, 1973) , the good agreement between the clustering obtained with the two coefficients implies that the observed differences in vigour (Table 2) did not have a significant effect. In addition, the correlation coefficient (r) between a similarity matrix and its corresponding phenogram was 0.9404 for the S, , and 0.880 for the D,, these values being quite acceptable for a study employing UPGMA. The classification described below is based upon the phenogram derived with the SSM and results using D p are referred to in the text only where they showed any apparent differences.
Description and identity of clusters Cluster 1 was named Schizosaccharomycespornbe. This cluster contained 41 strains of which 4 were duplicated. These 41 strains consisted of all 32 strains, including the type strain (MY 1 9 , of S. pornbe, 3 strains (MY41, MY42 and MY43) received as S. mellacei, S. rnosquensis and S. acidodeuoratus respectively, 2 strains (MY8 and MY48) received as the type strain of S.
rnalidevorans, and 4 strains (MY9, MY10, MY11 and MY12) received as species of Schizosaccharorny ces .
Using the SSM, six strains (MY51, MY52, MY53, MYS, MY45 and MY54) were loosely linked at the base of cluster 1, although using D p only two strains occupied this position. Since all six strains were incorporated at an SsM of at least 83% and because of the large difference in similarity between this cluster and its nearest neighbour (cluster 2), these strains were considered to be part of cluster 1.
The characteristics of cluster 1 (see Table 3 ) were in general agreement with the findings of Slooff (1970) for S. pornbe, although there were three notable exceptions. Whereas Slooff (1970) reported that members of this species fermented raffinose and failed to or only weakly assimilated glycerol, and that certain strains liquefied gelatin, we found that 91 % of strains failed to ferment raffinose, 93 % of strains assimilated glycerol, and three strains (MY 16, MY32 and MY53) previously designated S. liquefaciens, failed to liquefy gelatin. The concentration (approximately 17 mM) of raffinose used in this study may have been insufficient to allow visible gas formation given the size of the inoculum and the incubation period, particularly since other workers have used concentrations of 50 m~ (Barnett et al., 1979) , 68 m~ (Lodder, 1970) and 200 mM (Beech et al., 1968 ). Unfortunately it was not possible to retest the strains described here at higher concentrations of carbohydrate. The higher proportion of strains assimilating glycerol was not surprising since the enzymes involved in glycerol utilization by S. pombe were described recently (May & Sloan, 1981 ; May et al., 1982) and were present in all members of cluster 1 (G. Vasiliadis, personal communication). The failure of strains formerly designated S. liquefaciens to liquefy gelatin may reflect either loss of the property during maintenance or lack of expression due to the composition of the medium and/or the cultural conditions employed.
The two lines of the type strain of S . malidevoruns were well separated in cluster 1 ( S , , = 87%, D, = 0.13). Line MY8, obtained from the Australian Wine Research Institute, showed properties similar to those described by Rankine & Fornachon (1964) : it grew well at 37 "C, assimilated maltose and was homothallic. Line MY48, obtained from the Centraalbureau voor Schimmelcultures, showed properties closer to those described by Sipiczki et al. (1982) : it grew poorly at 37 "C, failed to assimilate maltose and was heterothallic. Like the line used by Sipiczki et al. (1982) , line MY48 probably originated from a stable mating-type mutant (see Leupold, 1970 ) and this may have been responsible for the physiological differences between MY8 and MY48. malidevorans as a variety of S. pombe on the basis of results from interfertility studies. Our results suggest that there is insufficient distinction between the two to justify variety status for S. malidewrans and that it should be a member of the species S. pombe. We found no basis for separation of subgroups or biotypes within the clusters (see below : Overlap); this is consistent with the decision of Slooff (1970) not to raise to either species or variety level those strains which fermented L-malic acid. The characteristics of the cluster were in broad agreement with those given by Slooff (1970) for S. japonicus, although fewer positive results were obtained for assimilation and fermentation of carbohydrates. As suggested previously, this may have been due to the lower concentration of carbohydrates used in this study. The recommended separation of this species into two varieties (Slooff, 1970) was not justified by either SSM or D p . Indeed, the inter-varietal pairings in the cluster had a mean SSM equal to 82% which was higher than that for either of the two groups of intra-varietal pairings in the cluster (mean SSM = 81 % for both). Furthermore, the type strains of S . japonicus var. japonicus and S. japonicus var. versatilis (MY13 and MY14 respectively) formed a pair at an SSM equal to 86%; and the equal highest similarity in the cluster (SSM = 90%) was between MY36 and MY61, strains of S . japonicus var. japonicus and S . japonicus var. versatilis respectively. Consequently, on the basis of overall similarity, there is no justification for the division of the cluster into sub-clusters corresponding to the varieties japonicus and uersa tilis.
Cluster 3 was named Schizosaccharomyces octosporus. This cluster contained 11 strains (one of which was duplicated) and consisted of all 10 strains, including the type strain (MY49), of S. octosporus and the type strain (MY26) of S . slooflae. The constituent strains were clustered loosely (SsM = 75%, D p = 0-24), this lack of cohesion being exemplified by MY23 and its duplicate culture MY23A which only joined at an SsM of 79%. Nevertheless, the cluster was sufficiently well separated from its nearest neighbour (cluster 2) to be regarded as distinct.
The characteristics of the cluster were in broad agreement with those given by Slooff (1970) for S . octosporus. A notable exception was fermentation of maltose which was reported by Slooff (1970) to be positive, whereas in this study as many as 83% of the strains in the cluster failed to ferment maltose. Again, this result may have been due to the concentration of carbohydrate used. This inconsistency is inconvenient since inability to ferment maltose was the principal feature distinguishing S. slooflae from S . octosporus (Kumbhojkar, 1972) ; nevertheless, the presence of the type strain of S. slooflae (MY26) near the centre of the cluster indicates that its species status is not justified and that it should be included in S. octosporus. P . D. BRIDGE AND J . W . MAY (1979) were differential for fission yeasts, 76% of our set of tests were significantly differential (i.e. between 10% and 90% of all strains were positive for a given test). This improvement was almost wholly due to the inclusion of tests for resistance, characteristics seldom used in yeast classification (Lodder, 1979; Barnett et al., 1979) , but which are widely used in numerical classification of bacteria (e.g. Williams, et al., 1983) .
Results from the duplicated tests showed differences between 1.6% and 13-1%, the mean difference being 8.5% (SE = f 0.92). This is within the range regarded as acceptable in a study of this kind (Sneath & Johnson, 1972) .
In bacterial taxonomy characters derived from morphological features have often been shown to be poorly reproducible (Sneath & Collins, 1974) . Yeast taxonomy is governed by the articles of the International Code of Botanical Nomenclature (Stafleu, 1978) and so morphological features must be considered. In this study, the use of standard morphological descriptions and the distinctive features of the organisms enabled reproducible results to be obtained.
Results from the duplicated cultures included in the numerical analysis showed a mean Ss,w of 89-1 : , < (SE = 2.6) when compared with their parent cultures. Four of the five pairs showed S,, values equal to or greater than 87%, whereas for the fifth pair (MY23 and MY23A) the value was only 79%. Nevertheless, the mean corresponds to a test error of 5.9%, which is considered acceptable (Sneath & Johnson, 1972) .
We have also observed S , , values as low as 87% between different lines of the same strain in two cases in addition to that of S. mafidevorans. The first case involves MY5, MY6 and MY56 which are different lines of S. pombe NCYC 132. This strain appears to be inherently unstable : Mitchison & Creanor (1971) reported differences in morphology and timing of DNA synthesis for two separate lines and Mahadi (1977) observed that, in contrast to MY5, MY6 was unable to assimilate glycerol and produced less acid phosphatase following derepression. The second case involves MY 16 and MY32 which are different lines of a strain of S. Iiquefaciens (CBS 1042 and I F 0 0358 respectively) maintained separately since 1946. These two lines showed consistent differences in six tests, including cell size, ability to assimilate mannose and ability to grow in the presence of sodium chloride (30 g 1-I ) . Similar persistent variations in yeast cultures were observed by Stahl & Esser (1979) who concluded that accumulation of mutants during prolonged subculturing was responsible. Such variations may have significant implications for existing yeast taxonomies, particularly those in which disproportionate weight is given to a particular character (Beech et al., 1968; Griffiths, 1981; Payne et al., 1982) .
Overlap For each pair of clusters, a t-test showed that overlap was significantly less than 1% at a confidence level of 99%. Varying the number of test results used for correction of sampling error, as described by Bridge & Sneath (1983) , showed no significant alteration in the confidence level. The same procedure was used to show that no apparent subclusters were sufficiently distinct to justify subdivision of any cluster.
General taxonomic considerations and conclusions
Reproduction by binary fission sets members of the genus Schizosaccharomyces apart from all other ascosporogenous yeasts (Lodder, 1970) . However, this character was not considered
